In this study HPLC analysis for the evaluation of carotenoids and DNA barcoding are reported for three different samples of Lycium cultivated in Tuscany (Italy). These two analytical methods can represent integrative methods for quality control of goji, giving also crucial information on the plant adaptation to different environments. Hence, carotenoids represent the quality markers proposed by the monograph of the European Pharmacopoeia, while DNA barcoding can differentiate between species and populations and is useful for the detection of the homogeneity of the samples.
In the last decade the popularity of goji berry and its products, mainly juice and tea, has rapidly increased in western countries, because of the scientific data on the antioxidant properties of its constituents. These can convey well-being and have anti-aging properties, and this berry is marketed as a "health food", "super fruit" or "super food" [1, 2] . Goji berries are mainly related to Lycium barbarum L. originating from many regions of Asia like Mongolia, China and in areas near Tibet [3a,b] . Due to the increased demand for goji berries having high quality consistency, goji cultivation has begun in many regions of the West, including diverse parts of Europe.
Due to the highly similar anatomy and tissue structure of fruits of Lycium species and the complex differentiation based on morphological and histological features, various molecular marker techniques, such as random amplified polymorphic DNA (RAPD) [4a] , sequence characterized amplified region (SCAR) [4b], and simple sequence repeat (SSR) [4c] , have emerged to help in distinguishing the target species from its substitutes. Studies on the nuclear genome size and karyotype of some Lycium species indicated that the genomic component and structure were different in L. barbarum and L. chinense [4d] . The molecular techniques developed use the sequences of various chloroplast and nuclear DNA regions amplified by the polymerase chain reaction (PCR). In the PCR procedure, two oligonucleotide primers (often referred to as "upstream" and "downstream" or "forward" and "reverse" primers) that are complementary to the 5′ and 3′ flanking sequences of the DNA to be amplified are used to prime a heat-stable DNA polymerase that performs the copying of each strand of DNA. ITS2 has been proposed as a standard DNA barcode for medicinal plant authentication [4e,f]. When the entire ITS amplification and sequencing product is difficult to obtain, ITS2, a section of ITS, can also be a reliable source of authentication. Therefore, this study aimed to differentiate L. barbarum from its closely related species by using the nuclear ITS2 region as the core barcode, as well as combined together to another 3 chloroplast markers.
In the present study DNA barcoding was shown to be a convenient tool for identification of the three samples of Lycium species from Tuscan crops (Arezzo, Italy). In particular, two samples were clearly identified as L. barbarum and L. chinense, respectively, while the third was addressed as a new species or a hybrid, having many similarities to both L. barbarum and L. chinense. Results are shown in Table 1 . According to these results the ITS2 sequence represents a useful tool for DNA barcode, a very suitable marker for goji traceability. Further studies on ITS and other regions with similarly high levels of variation, as well as combined analyses, will be crucial to resolving relationships within Lycium species, especially hybrids, cultivars and varieties. Subsequently, HPLC analysis was performed to evaluate the content of carotenoids within the three different samples of Lycium.
Carotenoids represent the quality markers proposed in the monograph of the European Pharmacopoeia. Zeaxanthin dipalmitate represented more than 85% of total carotenoids [5] . Results of HPLC analysis are shown in Table 2 . Quantitative differences between samples are probably linked to the different adaptation of the Lycium species as the harvest time and cultivation conditions were the same. Based on these results the content of zeaxanthin dipalmitate in dried fruits is between 0.45 and 0.6% compared with 0.1-0.2%, which is generally reported in the literature [5] . High carotenoid content can be attributed to the freshness of the berry, but it also reflects a good adaptation of the plants to the Tuscan environment. In all samples studied, zeaxanthin dipalmitate represented over 90% of the total carotenoid content. According to our results, the amounts of zeaxanthin dipalmitate vary from 45 to 61 mg/10 g of edible portion. Compared with other fruits or vegetables in our daily diet [6a] it can be concluded that goji berry contains remarkable amounts of zeaxanthin dipalmitate and is a rich source of carotenoids. In addition, zeaxanthin esterified with two chains of palmitic acid has a better bioavailability in comparison with zeaxanthin [6b,c].
According to our results, the combination of HPLC analysis and DNA barcoding can represent integrative methods for quality control of goji, giving also crucial information on the adaptability of goji in environments diverse from the original ones.
Experimental
Plant material: Goji berry and leaf samples used in this study were produced by the Società Agricola Biofattorie Toscane, loc. Alberoro, Val di Chiana, Arezzo, Tuscany (Italy). Three different samples (approximately 50 g of each sample) were collected in September 2014. A part of the berries was lyophilized to evaluate the loss on drying. Samples were: G192 originating from the nursery garden Vitaverde (Galliera, Bologna, Italy), 18 months of age; H13 originating from the nursery garden Gregorio Vivai (Cuneo, Italy), 36 months of age; A22 originating from the nursery garden Vitavitee GmbH (Deremburg, Germany), 30 months of age. The procedure for carotenoid extraction from the berry has been previously validated [5] .
HPLC-DAD-MS analysis instrumentation:
Analysis was carried out using an Agilent 1200 liquid chromatograph equipped with a DAD detector and an Agilent 6410 triple-quadrupole equipped with dual mode APCI-electrospray source operated in APCI mode and managed by Masshunter software (Agilent Technologies). Validation in terms of linearity, LOD, LOQ, precision, and accuracy of the HPLC method was previously reported [5] .
DNA isolation: Leaves after collection from the field were maintained at -80°C. Total genomic DNA was isolated from the crushed materials using the Invisorb Spin Plant Mini Kit (Stratec molecular, Berlin), according to the manufacturer's instructions.
Amplification and sequencing:
For candidate barcodes, ITS2, psbA-trnH, rbcL and matK, universal DNA barcode primers and general PCR reaction conditions were used. The list is reported in Table 3 . PCR amplification was performed in 25 μL reaction mixtures containing 20 ng to ca. 100 ng of genomic DNA template, 12.5 μL of 2 × EasyTaq PCR SuperMix (Beijing TransGen Biotech Co., China), and 1 μL of each primer (2.5 μM) . Samples were amplified in a "96 Primus system -MWG Biotech". Purified PCR products were sequenced in both directions using the primers used for PCR in a ABI 310 sequencer (Applied Biosystems, USA).
Sequence analysis:
Proofreading and counting assembly of sequencing peak diagrams were performed using the program MultAlin. Two methods of species identification, BLAST1 and nearest distance were performed, as previously described [4e,6d]. The sequences were aligned using ClustalW. 
